Cluster thinning, berry thinning and Gibberellic Acid application improve fruit size and consumer preference of table grapes in Iowa by Crozier, Jill Annette
Retrospective Theses and Dissertations Iowa State University Capstones, Theses and Dissertations 
1-1-2004 
Cluster thinning, berry thinning and Gibberellic Acid application 
improve fruit size and consumer preference of table grapes in 
Iowa 
Jill Annette Crozier 
Iowa State University 
Follow this and additional works at: https://lib.dr.iastate.edu/rtd 
Recommended Citation 
Crozier, Jill Annette, "Cluster thinning, berry thinning and Gibberellic Acid application improve fruit size 
and consumer preference of table grapes in Iowa" (2004). Retrospective Theses and Dissertations. 
20393. 
https://lib.dr.iastate.edu/rtd/20393 
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and 
Dissertations at Iowa State University Digital Repository. It has been accepted for inclusion in Retrospective Theses 
and Dissertations by an authorized administrator of Iowa State University Digital Repository. For more information, 
please contact digirep@iastate.edu. 
Cluster thinning, berry thinning and Gibberellic Acid application 
improve fruit size and consumer preference of table grapes in Iowa 
by 
Jill Annette Crozier 
A thesis submitted to the graduate faculty 
in partial fulfillment of the requirements for the degree of 
MASTER OF SCIENCE 
Major: Horticulture 
Program of Study Committee: 
Gail Nonnecke (Major Professor) 
Paul Domoto 
Mark Gleason 
Cheryll Reitmeier 
Iowa State University 
Ames, Iowa 
2004 
Copyright© Jill Annette Crozier, 2004. All rights reserved. 
II 
Graduate College 
Iowa State University 
This is to certify that the master's thesis of 
Jill Annette Crozier 
has met the thesis requirements of Iowa State University 
Signatures have been redacted for privacy 
111 
TABLE OF CONTENTS 
LIST OF TABLES iv 
CHAPTER 1. GENERAL INTRODUCTION 1 
Introduction 1 
Thesis Organization 3 
Literature Review 3 
Literature Cited 12 
CHAPTER 2. CLUSTER THINNING, BERRY THINNING, AND 
GIBBERELLIC ACID APPLICATION IMPROVE SIZE AND 
CONSUMER PREFERENCE OF TABLE GRAPES IN IOWA 17 
Abstract 17 
Introduction 18 
Materials and Methods 20 
R~ufu ~ 
Discussion 27 
Literature Cited 31 
CHAPTER 3. GENERAL CONCLUSIONS 40 
General Discussion 40 
Recommendations for Future Research 42 
APPENDIX: ADDITIONAL TABLES 43 
ACKNOWLEDGEMENTS 46 
IV 
LIST OF TABLES 
Table 1. Fresh weight and diameter of berries of 'Reliance' grape in Ames, Iowa, 
during 2002 and 2003 after cluster thinning, berry thinning, application of 
gibberellic acid (GA3), and combinations thereof. 34 
Table 2. Probability values from single degree-of-freedom linear contrasts posed a 
priori of fresh weight and diameter of berries in an experiment testing 
'Reliance' grape in Ames, Iowa, during 2003 after cluster thinning, berry 
thinning, application of gibberellic acid (GA3), and combinations thereof. 35 
Table 3. Fresh weight and diameter of berries of 'Swenson Red' grape in Ames, 
Iowa, during 2002 and 2003 after cluster thinning, berry thinning, and 
combinations thereof. 36 
Table 4. Probability values from single degree-of-freedom linear contrasts posed a 
priori of fresh weight and diameter of berries in an experiment testing 
'Swenson Red' grape in Ames, Iowa, during 2002 after cluster thinning, 
berry thinning, and combinations thereof. 37 
Table 5. Soluble solid content of berries of 'Swenson Red' grape in Ames, Iowa, 
across 2002 and 2003 after cluster thinning, berry thinning, and 
combinations thereof. 38 
Table 6. Consumer preferences for the appearance of whole clusters and berries of 
'Reliance' grape grown in Ames, Iowa, during 2003 after cluster thinning 
(CT), berry thinning (BT), application of gibberellic acid (GA3), and 
combinations thereof. 39 
Appendix Table 1. Yield, number of clusters, berry weight, berry diameter, soluble 
solids content, pH, and titratable acidity of berries of 'Reliance' 
grape in Ames, Iowa, during 2002 and 2003 after cluster 
thinning, berry thinning, application of gibberellic acid (GA3), 
and combinations thereof. 44 
Appendix Table 2. Yield, number of clusters, berry weight, berry diameter, soluble 
solids content, pH, and titratable acidity of berries of 'Swenson 
Red' grape in Ames, Iowa, during 2002 and 2003 after cluster 
thinning, berry thinning, and combinations thereof. 45 
1 
CHAPTERl.GENERALINTRODUCTION 
Introduction 
Table grape consumption has increased in the United States and is the fourth most 
consumed fruit after bananas, apples, and oranges (Zabadal and Dittmer, 2000b). Table 
grapes offer a new opportunity for agricultural diversification and provide a potential for 
enhancing local food systems in the Midwestern United States because they can be grown 
successfully in this region. Table grapes are available directly to the consumer at farmers' 
markets, on-farm retail sales, and through local food systems, such as Community Supported 
Agriculture (CSA). Specialty crop growers are interested in diversifying their operations 
with crops that are adapted to local growing conditions and are profitable relative to other 
potential crops. In the past 20 years, new introductions of table grape cultivars have 
increased the potential for the development of a table grape industry in the Midwest. For 
example, table grapes have the second highest profit potential of all fruit crops grown in 
Iowa, after strawberries. Many of these exhibit adequate winter hardiness, excellent flavor, 
seedlessness (of some cultivars) and potential for multiple uses associated with processing 
and fresh consumption. 
Fruit growers of the Upper Midwest have expressed a desire to learn how to grow 
table grapes, but production practices must be refined for the climate of this region. Such 
production practices include techniques to control the canopy and improve the appearance 
and quality of the fruit. Methods such as pruning, training, and grape canopy management 
affect crop size and the penetration of light, air, and chemicals. Additionally, techniques 
such as cluster thinning, berry thinning, and application of gibberellic acid are useful because 
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they improve the berry size and cluster appearance of table grapes. In this study, 'Reliance' 
and 'Swenson Red' cultivars were examined using the aforementioned horticultural 
techniques, alone and in combination, to determine better production practices for growers of 
table grapes in Iowa. 
The objectives of this study were to: 1) evaluate the effect of cluster thinning, berry 
thinning, and gibberellic acid (GA3) application, alone and in combination, on yield, berry 
growth, and fruit quality of 'Reliance' grape under field conditions, 2) evaluate the effect of 
cluster thinning and berry thinning, alone and in combination, on yield, berry growth, and 
fruit quality of 'Swenson Red' grape under field conditions, and 3) determine consumer 
preferences of the grape clusters and berries produced from the seedless table grape 
'Reliance' through a survey conducted at local farmers' markets and CSA. 
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Thesis Organization 
This thesis contains one manuscript to be submitted to HortScience for publication. 
A general introduction and literature review precedes the manuscript, followed by a general 
conclusion. The format of the manuscript follows the guidelines of HortScience. 
Literature Review 
Grapevine Pruning 
In viticulture, pruning has been defined as the removal of canes, shoots, leaves, and 
other vegetative parts of the grapevine (Zabadal, 1997; Weaver, 1976; Winkler et al., 1974). 
The goal of pruning is to manage the shape, size, and vigor of the vine, which ultimately 
influences crop size and quality. Pruning usually is performed in the dormant season after 
winter damage has been assessed. Balanced pruning is a method that utilizes the weight of 
the pruned wood to estimate the number of buds to leave on the vine. 
There are three main reasons to prune a grapevine. First, pruning is conducted to 
control the vegetative growth, which results in more efficient and cost effective cultural 
management throughout the growing season (Weaver, 1976; Winkler et al., 1974). For 
example, a well-pruned vine is easier to spray for pests and diseases and easier to harvest 
than a vine that has not been pruned or that has been pruned poorly. Second, pruning is 
conducted in an attempt to leave the correct amount of buds on the vine so high quality fruit 
can be produced every year (Weaver, 1976; Winkler et al., 1974). The removal of too many 
canes and leaving too few buds when pruning may encourage the remaining buds to be 
overly vigorous, while leaving too many buds may lead to over-cropping a vineyard. An 
excessive crop may be detrimental to vine health, because the overly large crop on the vine 
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may be unable to mature and ripen, may have poor acclimation and associated winter injury, 
and may have low flowering in subsequent years (Looney, 1981). Third, pruning is 
conducted because it is cheaper than cluster thinning and, therefore, is a cost effective 
method of adjusting the current season's crop (Weaver, 1976; Winkler et al., 1974). 
Grapevines subjected to growing conditions in Iowa should be pruned during the 
dormant season. The timing of pruning is important because pruned vines are sensitive and 
can suffer cold injury when weather is unfavorable. Therefore, it is important to delay 
pruning until late winter or early spring to avoid bud loss after pruning. 
Balanced pruning is a system developed to help growers remove a proportional 
amount of buds relative to the vigor of the vine (Rombough, 2002). The 30 + 10 balanced 
pruning is useful for many moderately vigorous to vigorous American and interspecific 
hybrid cul ti vars that are well adapted to the growing conditions of Iowa. Thirty buds are left 
for the first pound of canes pruned from the vine. An additional 10 buds are left for each 
subsequent pound of canes removed, up to a maximum of 60 buds. For example, for a vine 
with three pounds of canes removed, fifty buds would remain on the plant. A vigorous 
cultivar such as 'Swenson Red' will have more buds remaining after pruning than a less 
vigorous genotype such as 'Reliance' (Zabadal, 2002; Moore, 1983; Swenson et al., 1980). 
Crop level and maintainence of above-average fruit quality of many American grapes 
(Cawthon and Morris, 1977; Shaulis and Robinson, 1953; Shaulis and Oberle, 1948) and 
selected cultivars of Vitis vinifera L. (Bravdo et al., 1984) have been successfully adjusted 
with the use of 30 + 10 balanced pruning. However, for several interspecific hybrids, 
including 'Reliance' and 'Swenson Red', there is a lack of reported literature about the crop 
control from balanced pruning alone (Kaps and Cahoon, 1989; Fisher et al., 1977). The use 
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of horticultural techniques such as cluster thinning and berry thinning may be needed to 
adequately adjust the crop load in order to improve fruit quality, avoid winter injury, and 
influence a healthy bud set the following year (Looney, 1981; Fisher et al., 1977). 
Trellis Purpose and Canopy Management 
Physical support of the vine is necessary to grow grapes. Trellis systems are 
developed with the overall goal of providing support for the vegetative growth and the 
mature crop. Additionally, the trellis should allow for penetration of adequate light, air, and 
chemicals for the developing fruit. Canopy management with shoot positioning is a 
technique to alter the microclimate of the vine (Fitzgerald and Patterson, 1994). Therefore, 
canopy management is important for vegetative growth control because excessive vegetative 
production impedes penetration of adequate light, air, and chemicals into the lower and inner 
areas of the canopy. Shoot positioning rearranges the newly growing shoots from a 
horizontal position to a vertical position. This re-positioning allows increased light into the 
canopy, which provides greater light interception to more of the photosynthesizing leaves. 
Also, air and chemical sprays move into the canopy and improve pest and pathogen control 
(Zabadal, 1997). 
Cluster Thinning and Berry Thinning 
Thinning, like pruning, is a practice that removes living parts of the vine. However, 
thinning differs from pruning in that thinning reduces the crop load of the vine without 
reducing the photosynthetic capacity (Winkler et al., 1974). Thinning can be defined as the 
removal of entire flower clusters, whole immature fruiting clusters, or parts of clusters before 
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(pre) or after (post) bloom. More specifically, cluster thinning and berry thinning are defined 
as the removal of entire clusters pre and post bloom and the removal of the lower portion of 
the clusters pre and post bloom, respectively (Rombough, 2002). Many shoots have primary, 
secondary and tertiary clusters. Cluster thinning removes entire secondary and tertiary 
clusters after flowering to enhance fruit set on the remaining primary cluster. Thus, cluster 
thinning produces fewer clusters with larger berries per cluster at maturity (Zabadal, 1997; 
Looney, 1981; Looney and Wood, 1977). 
Increased berry set and growth is obtained by a nutritional advantage to the remaining 
clusters. According to Coombe (1973), the normal fruit set percentage of selected seeded 
cultivars of V. vinifera ranged from 5 to 35%. Flower thinning produces a high leaf:flower 
ratio, and, therefore, fruit set of up to 60% seeded V vinifera cultivars is possible. The 
outcome of thinning is higher organic nutrients to the flower after anthesis, which allows a 
greater number of mature leaves to feed each cluster (Coombe, 1973). The result of 
increasing nutrients to each cluster was more berries per cluster and larger berries per cluster 
for grapes of interspecific hybrids (Kaps and Cahoon, 1989; Reynolds et al., 1986; Fisher et 
al., 1977) and V vinifera (Reynolds, 1989b; Weaver and Pool, 1971; Christodoulou et al., 
1968). 
The reduction in clusters can have various effects on yield. For example, lower 
overall yield has been exhibited due to fewer clusters but greater berry and cluster weights 
have been reported (Naor et al., 2002; Nonnecke, 1980). Research with 'de Chaunac', an 
interspecific hybrid wine cultivar, showed that when vines were thinned to one or two 
clusters per fruitful shoot, nearly equal or greater yields and berry weights were obtained 
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over the vines that were not thinned after several years of stabilizing growth (Morris et al., 
1987; Looney, 1981; Looney and Wood, 1977). 
Fruit quality, measured by soluble solid content (0 Brix), pH, and titratable acidity 
(percent tartaric acid), also can be affected by cluster thinning (Gao and Cahoon, 1998). 
Reported information about cluster thinning effects vary for selected hybrid and V. vinifera 
grape cultivars. Fisher et al. (1977) reported vine vigor and fruit quality of 'de Chaunac' 
were improved by cluster thinning. In addition, Reynolds (1989a) and Looney (1981) found 
that berry quality generally was increased by cluster thinning 'de Chaunac' grapes. His 
research showed an average of one to two clusters for each shoot gave the greatest increase in 
sugar content. When vines were pruned for three consecutive years, the sugar increase was 
18% over the vines that were not thinned. However, differences for pH and titratable acidity 
were not significant. Kaps and Cahoon (1989) found similar results with 'Seyval blanc' 
grapes. Soluble solid content decreased as the number of clusters on the vine increased. 
Additionally, they found no treatment response of titratable acidity and only a small 
reduction of pH with increased cluster number. Reynolds et al. (1986) found similar results 
with 'Seyval blanc'; however, the soluble solid content and berry weight were both increased 
with cluster thinning. 
Sauvignon blanc, a cultivar of V. vinifera, showed significant responses to decreased 
treatments of cluster thinning and increased crop loads with characteristics of delayed 
ripening such as lower soluble solid content, greater titratable acidity, and lower pH (Naor et 
al., 2002). 
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Although experiments using cluster thinning as treatments have shown fruit yield and 
quality benefits, cluster thinning has not been accepted widely by grape growers because of 
increased costs associated with additional labor in the vineyard (Kaps and Cahoon, 1989). 
Berry thinning improves berry size, cluster appearance, and uniform coloration and 
maturation of the fruit. Customer satisfaction depends on attractive clusters because table 
grapes are not processed. Removal of the lower portion of the cluster has left fewer berries 
on a shorter rachis (Winkler et al., 1974). Berry enlargement was the greatest when thinning 
was conducted immediately after shatter. When thinning was postponed, berry enlargement 
was reduced by nearly 33% with each passing week (Winkler et al., 1974). The greatest 
improvement in appearance was achieved on long, straggly clusters when the remaining 
berries were larger and tighter on the round cluster (Zabadal, 1997). Berry thinning can be 
performed chemically or manually. Often manual berry thinning is applied to vines post 
bloom, which, similar to cluster thinning, is a labor-intensive job that adds additional 
expenses to the vineyard operation. However, larger berries may be obtained. 
Gibberellic Acid Application (GA3) 
In 1926, Eiichi Kurosawa, a Japanese scientist, was the first person to isolate and 
identify the plant hormone gibberellin (Stowe and Yamaki, 1959). Gibberellin was a growth-
promoting substance discovered in diseased rice attributed to an ascomycetous fungi, 
Fusarium monilifome, whose sexual stage was later determined to be Gibberellafujikuroi 
(Stowe and Yamaki, 1959). Following this discovery, great interest was placed on 
understanding the role of many forms of gibberellin in plant development (Carlson and 
Crovetti, 1988). 
9 
Gibberellic acid was studied intensively for grape production beginning in the 1960's 
for use in rachis elongation, reduction in fruit set, and increased fruit size (Carlson and 
Crovetti, 1988). Researchers found gibberellic acid (GA3) was a suitable replacement for the 
traditional horticultural technique of girdling to increase fruit size (Kanellis and Roubelakis-
Angelakis, 1993; Winkler et al., 1974; Sachs and Weaver, 1968). In 1963, an experiment 
comparing the fruit sizing treatments of GA application and girdling on 'Thompson Seedless' 
and 'Black Corinth' grapes resulted in larger fruit from the GA treatment (Sachs and Weaver, 
1968). 'Thompson Seedless' exhibited an increase in dry weight within 7 d of receiving GA 
treatment. 'Thompson Seedless' and 'Black Corinth' had the greatest fresh weight, dry 
weight, and berry volume from GA treatments when harvested, which most likely was due to 
water uptake, increased solute storage, and cell component synthesis. 
The primary recommendation to growers in the late 1960's for enlargement of fruit 
was a single post-bloom spray of 20 to 40 mg·L-1• However, overly large and compact 
clusters were obtained in many cultivars. Thus, application protocol was revised for 
improved cluster shape and berry enlargement in California of V. vinifera to include two 
applications of GA3, one at capfall and one at fruit set (Weaver, 1976; Winkler et al., 1974). 
Currently gibberellic acid sprays are used commercially to obtain larger berries of standard 
V. vinifera seedless table grape cultivars such as 'Thompson Seedless' (Winkler et al., 1974; 
Weaver and McCune, 1960) and 'Crimson Seedless' (Dokoozlian and Peacock, 2001). It is 
widely accepted that when the growth regulator is applied at fruit set increased berry size will 
persist until harvest (Looney and Pharis, 1986; Weaver and McCune, 1960), and the rate and 
timing of GA application varies by cultivar for maximum berry size and reduced cluster 
compactness (Lavee and Nir, 1986; Looney and Pharis, 1986; Looney, 1975). 
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Gibberellic acid has not been found to be useful in the enlargement of seeded table 
grape cultivars, with few exceptions. Seeded grapes have the potential to produce four seeds, 
one from each ovule (Pharis and King, 1985; Coombe, 1960). The seeds are endogenous 
sources of gibberellin to the developing berry. Because the grape seeds produce gibberellin, 
size is generally not improved by additional applications of synthetic exogenous GA. Berry 
sizing of seeded table grapes generally only is obtained in a few responsive cultivars or in 
seeded grapes that fail to mature all four seeds (Kanellis and Roubelakis-Angelakis, 1993; 
Lavee and Nir, 1986; Dennis, 1984). 
Seeded grapes can be induced to stimulate seedless fruit development with 
applications of gibberellic acid. For example, the greatest number of seedless berries 
developed when GA3 was applied preanthesis and postanthesis at 0.15 mM to 'Swenson Red' 
(Fellman et al., 1991). Nonfertilized fruit developed because of the hormone treatment. 
Seedless berries were matured on flowers that would have abscised without GA3 (Fellman et 
al., 1991). 
Seedless hybrid table grapes also can be improved for fruit size and quality with 
gibberellic acid treatments. 'Vanessa' responded to GA application with greater yield, cluster 
weight, berry weight, soluble solid content, and pH (Zabadal and Dittmer, 2000a). Cluster 
compactness and number of shot berries were reduced with GA treatments. The greatest 
response to post-bloom gibberellic acid was a single treatment of 50 mg-L-1 when berry size 
reached 5 mm in diameter (Zabadal and Bordelon, 1993). In addition, 'Orlando Seedless' 
responded to gibberellic acid application. The greatest berry weight resulted from two 
applications of GA3 at 75, 150, or 300 mg·L-1. Both applications of GA3 occurred after 
capfall at 7 and 14 d (Halbrooks and Mortensen, 1988; 1987). In a two-year-experiment with 
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'de Chaunac' grapes, gibberellic acid had a negligible effect on berry set and juice quality but 
significantly increased berry weight (Looney and Wood, 1977; Wood and Looney, 1977). 
American species such as 'Concord' also are responsive to GA application at berry shatter 
for improved berry size (Funt and Tukey, 1977). 
Gibberellic acid is applied to commercial table grape plantings for rachis elongation, 
reduction in fruit set, and increased fruit size. Growers have adopted application of 
gibberellic acid because it is a less expensive method for berry improvement than the cultural 
techniques of cluster thinning and berry thinning. 
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CHAPTER 2. CLUSTER THINNING, BERRY THINNING, AND GIBBERELLIC 
ACID APPLICATION IMPROVE FRUIT SIZE AND CONSUMER 
PREFERENCE OF TABLE GRAPES IN IOWA 
A paper to be submitted to HortScience 
J.A. Crozier, G.R. Nonnecke and P.A. Domoto 
Abstract 
Specialty crop growers are interested in diversifying their operations with crops that 
are adapted to local growing conditions and are profitable relative to other potential crops. 
Size and quality of table grapes are important factors contributing to marketability of the 
fruit. Our objectives were to: 1) evaluate 'Reliance' (Vitis species) with treatments of cluster 
thinning, berry thinning, and GA3, alone and in combination, on berry growth and fruit 
quality, 2) evaluate 'Swenson Red' (Vitis species) with treatments of cluster thinning and 
berry thinning, alone and in combination, on berry growth and fruit quality, and 3) determine 
consumer preference of 'Reliance' through a consumer survey. Thirty-two 'Reliance' 
grapevines and 24 'Swenson Red' grapevines were used as experimental units in randomized 
complete block designs with 4 replications of 8 treatments and 4 replications of 6 treatments, 
respectively, in 2002 and 2003. Fifty berries from each cultivar were arbitrarily harvested for 
measurements of soluble solids content, pH, and titratable acidity. Ten berries were used for 
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berry weight and diameter measurements. The treatment of cluster thinning +berry thinning 
+ GA3 for 'Reliance' exhibited significantly greater fresh weight and diameter of berries than 
the control in 2003 (3.73 vs 2.75 g; 1.75 vs 1.65 cm, respectively). The treatment of cluster 
thinning+ 50% berry thinning for 'Swenson Red' exhibited significantly greater fresh weight 
and diameter of berries than the control in 2002 (3. 79 vs 3 .26 g; 1. 83 vs 1. 70 cm, 
respectively). Treatments for berry chemistry parameters did not differ significantly for 
either cultivar (P > 0.05), except for soluble solids content (SSC) across years for 'Swenson 
Red' (P = 0.04 ). Cluster thinning+ 33% berry thinning exhibited the greatest SSC (20.44% ). 
Consumers preferred typically shaped clusters and larger berries from vines receiving cluster 
thinning. 
Introduction 
Table grape consumption has increased in the United States and is the fourth most 
consumed fruit after bananas, apples, and oranges (Zabadal and Dittmer, 2000b ). Specialty 
crop growers are interested in diversifying their operations with crops that are adapted to 
local growing conditions and are profitable relative to other potential crops. In the past 20 
years, new introductions of table grape cultivars have shown potential for the development of 
a table grape industry in the Midwest. For example, table grapes have the second highest 
profit potential of all fruit crops grown in Iowa, after strawberries. Current cultivars have 
exhibited adequate winter hardiness, excellent flavor, seedlessness (of some cultivars) and 
potential for multiple uses associated with processing and fresh consumption. 
19 
Size and quality of table grapes are important factors contributing to marketability of 
the fruit. Unlike grapes used in the production of wine and raisins, the clusters and berries of 
table grapes need to be visually attractive to gain acceptance from consumers. Cultural and 
chemical practices are available to improve size and quality of the fruit. Using cluster 
thinning, berry thinning, and application of gibberellic acid (GA3) alone, and in combination, 
to improve the growth and development of table grape cultivars adapted to the climate and 
growing conditions in Iowa has the potential to assist growers in production of higher-quality 
fruit than currently available. 
Cluster thinning is a technique used to adjust crop load by removing clusters to 
improve the development and maturation of the remaining fruit (Gao and Cahoon, 1998; 
Reynolds, 1989; Morris et al., 1987). Adjusting the crop load of overly fruitful vines in the 
current year is important for continued vine health and fruit production in subsequent years. 
The removal of clusters after fruit set increases berry size on the remaining clusters, 
producing fewer clusters with larger berries at maturity (Zabadal 1997; Looney, 1981; 
Looney and Wood, 1977). 
Berry thinning, performed just after fruit set, improves berry size, cluster appearance, 
and coloration and maturation of the fruit (Winkler et al., 1974). Berry thinning removes the 
lower portion of the cluster leaving fewer berries per cluster on a shorter rachis. The berries 
are fuller and the cluster shape is rounder at maturity (Zabadal, 1997). 
Gibberellic acid is a plant growth regulator that occurs naturally in many forms and 
has many roles in growth and development such as rachis elongation, reduction in fruit set, 
and increased fruit size depending on time of application (Coombe, 1973). Research on 
grapes has shown application of GA3 increases berry size and fruit quality in Vitis vinifera L. 
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cultivars such as Black Corinth and Thompson Seedless (Sachs and Weaver, 1968; Weaver 
and McCune, 1960), along with interspecific hybrid grape cultivars such as de Chaunac 
(Looney, 1981; Looney and Wood, 1977), Vanessa (Zabadal and Dittmer, 2000a; 2000b), 
and Orlando Seedless (Halbrooks and Mortensen, 1988; 1987). 
The objectives of this study were to: 1) evaluate the effect of cluster thinning, berry 
thinning, and application of GA3, alone and in combination, on berry growth and fruit quality 
of 'Reliance' grape under field conditions, 2) evaluate the effect of cluster thinning and berry 
thinning, alone and in combination, on berry growth and fruit quality of 'Swenson Red' 
grape under field conditions, and 3) determine consumer preference of the grape clusters and 
berries produced from the seedless table grape 'Reliance' through a survey conducted at local 
farmers' markets and community supported agriculture. 
Materials and Methods 
Plant material 
Experiments were conducted during 2002 and 2003 in a mature vineyard at the Iowa 
State University Horticulture Research Station located 10 km north of Ames, IA. The 
vineyard soil type was Clarion loam, a fine-loamy, mixed, superactive, mesic Typic 
Hapludolls. The vineyard was established in 1985 with a spacing of 2.7 m between rows and 
1.8 m between vines within rows, which were trained to a six-cane kniffen system. A 1.8-m 
wide strip of Kentucky bluegrass (Paa pretensis L.) was maintained between rows and 
received periodic mowing. A weed-free zone, 0.9 m wide, under the canopy was maintained. 
A conventional spray program was used on both cultivars to control insect and pathogen 
21 
populations (Gleason et al., 2003; 2002). Bird netting was applied to all experimental rows 
and an electric fence was installed on the perimeter of the vineyard to deter animal feeding 
before veraison. Shoot positioning was used to increase air, light and chemical interception 
in late July of both years. 'Reliance' and 'Swenson Red' grape were used for the experiment 
(Moore, 1983; Swenson et al., 1980). Balanced pruning (30 + 10) was conducted in the 
spring of both years, and pruning weights were recorded as an estimate of vigor. 
Treatments 
EXPERIMENT 1. Thirty-two 'Reliance' grapevines exhibiting uniform vigor were the 
experimental units in a randomized complete block design with four replications and eight 
treatments per replication. Blocking was performed by location. The treatments were cluster 
thinning, berry thinning, application of gibberellic acid, all possible combinations thereof, 
and a control consisting of no treatment application. Cluster thinning involved removal of all 
secondary and tertiary clusters, berry thinning involved removal of the lower 33% of the 
cluster, and application of gibberellic acid involved a singe spray of 50 mg-L-1 GA3 (ProGibb 
4, Walnut Creek, CA) when the berries were 4 to 5 mm in diameter (June 28, 2002; June 30, 
2003)(Zabadal, 2002; Zabadal and Dittmer, 2000a; 200b). All cluster thinning treatments 
were applied immediately after shatter on 21 June 2002 and 16 June 2003. All berry thinning 
treatments were applied following shatter on 27 June 2002 and 23 June 2003. 
EXPERIMENT 2. Twenty-four 'Swenson Red' grapevines exhibiting uniform vigor 
were the experimental units in a randomized complete block design with four replications 
and six treatments per replication. In 2002, blocking was performed by location, while, in 
2003, blocking was performed by number of surviving buds. The treatments were cluster 
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thinning, berry thinning, all possible combinations thereof, and a control consisting of no 
treatment application. All cluster thinning treatments involved the removal of secondary and 
tertiary clusters and was applied immediately after shatter on 19 June 2002 and 23 June 2003. 
Berry thinning involved removal of the lower 33% or 50% of the cluster and was applied 
immediately after shatter on 19 June 2002 and 23 June 2003. 
Fruit growth 
All 'Reliance' clusters were harvested on 9 Sept. 2002 and 5 Sept. 2003. All 
'Swenson Red' clusters were harvested 12 Sept. 2002 and 5 Sept. 2003. The total yield and 
number of clusters per vine were determined at the time of harvest. Fifty berries were 
harvested from arbitrarily selected clusters for juice measurements. Ten of the berries were 
used for berry weight and berry diameter measurements. Berry diameter was measured with 
digital calipers (Mitutoyo, Model 500-115, Aurora, IL). 
Fruit quality 
Each sample of 50 berries was blended for 15 sand a refractometer (Bellingham and 
Stanley, Ltd., Model 45-02, Kent, England) was used to determine soluble solids content. 
The pH was determined on all juice samples with a digital pH meter (IQ Scientific 
Instruments, Inc., Model IQ240, San Diego, CA.). Titratable acidity was determined by 
titration of a dilution of 5 ml of juice to a pH endpoint of 8.2 with 0.1 N NaOH with a 
Brinkmann Digital Buret (Brinkmann, Model 0485, Westbury, NY). All measurements were 
repeated twice and the mean value was used in the analysis. 
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Statistical analysis 
Data were subjected to analysis of variance (ANOV A) according to SAS® (SAS 
Institute, Inc., 2000) assuming fixed and random factors. Non-significant interaction terms 
were pooled into a common error term to increase precision of F-tests. A repeated measures 
analysis was conducted for 'Reliance' assuming the following linear additive model with 
year as the repeated term: 
Yijk =µ+Bi+ T.i + BTij + Yk + TYjk +Pooled Error 
where: Yijk =response variable to be analyzed, Bi= main effect of ith block (random), Tj = 
main effect of / 11 treatment (fixed), BTi.i =effect of the interaction between the ith block and 
/ 11 treatment, Yk =main effect of kth year (fixed), TY.ik =effect of the interaction between the 
/h treatment and kth year, and pooled error = error associated with pooling non-significant 
terms BYik and BTYijk, NID (o,cr2). 
A nested design was used for 'Swenson Red' assuming the following linear additive 
model: 
Yijk = µ + Yi + BciJj + T k + YTik + BTCiJjk 
where: Yijk =response variable to be analyzed, Yi= main effect of ith year (fixed), B(i)j = 
main effect of / 11 block nested within ith year (random), T k = main effect of kth treatment 
(fixed), YTik =effect of the interaction between the ith year and kth treatment, and BT(i)jk = 
effect of the interaction between the jth block nested within ith year and k111 treatment. 
Fisher's protected least significant difference (LSD) was used to separate main effects 
(a= 0.05) when no higher-order interactions were present. Single degree-of-freedom linear 
contrasts were used for comparisons of questions posed a priori. 
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Survey 
A consumer survey was conducted at the Ames Farmers' Market and Community 
Supported Agriculture in Ames, IA, on 27 September and 4, 8, 11, 14, 18 October 2003. 
Respondents (n=168) were asked two questions based on photographs of 'Reliance' grape 
clusters taken at harvest. The first question asked respondents to rank the attractiveness of 
whole clusters from six photographs representing six of the eight aforementioned treatments. 
The most attractive cluster was given a rank of one, while the least attractive cluster was 
given a rank of six. The second question asked respondents to rank the attractiveness of 
individual berries from the same six photographs. Ranking was the same as that for the first 
question. The respondents were unaware of treatments and used only randomly assigned 
numbers for picture identification. 
The survey data were analyzed according to Wilcoxon Rank-Sum tests in SAS® 
(PROC NPARl WAY; SAS Institute, Inc., 2000). Probability values equivalent to the F-
statistic were used for pairwise comparisons when approximated by the chi-square 
distribution using the Kruskal-Wallis Test. A Bonferroni adjustment limiting the 
experiment-wise error rate to less than a= 0.05 was used, according to the following model 
(Higgins, 2004): 
a'= a I [ k (k- 1) I 2] 
where: a= probability level = 0.05, and k =number of treatments compared= 6. 
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Results 
Experiment 1 ('Reliance') 
FRUIT GROWTH. Cluster thinning, beITy thinning, and application of GA3 caused the 
greatest increase in fresh weight and diameter of berries of 'Reliance' grape in 2003 (Table 
1). The interaction between treatment and year was significant for berry weight (P = 0.02) 
and berry diameter (P = 0.05). Treatment effects in 2002 did not differ for berry weight (P = 
0.07) and berry diameter (P = 0.16). However, treatments differed in 2003 for berry weight 
(P = 0.01) and berry diameter (P = 0.01). Berry weight in 2003 ranged from 2.49 to 3.73 g, 
with the combination of cluster thinning, berry thinning, and GA3 application exhibiting the 
greatest berry weight (Table 1). Only one treatment (cluster thinning+ berry thinning) 
resulted in berry weight less than the control (2.49 g and 2.75 g, respectively). Berry 
diameter in 2003 ranged from 1.54 to 1.75 cm, with the combination of cluster thinning, 
berry thinning, and GA3 application exhibiting the greatest beITy diameter. Vines receiving 
the treatments of cluster thinning, application of GA3, and cluster thinning +berry thinning 
exhibited berry diameter less than the control (1.56, 1.63, 1.54, and 1.65 cm, respectively). 
Furthermore, single degree-of-freedom linear contrasts from questions posed a priori 
corroborated these results (Table 2). Applying GA3 to vines resulted in larger berry weights 
and diameters than all non-GA3 treatments combined, while the combination of cluster 
thinning, berry thinning, and application of GA3 increased berry size over all other treatments 
combined or the control. 
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FRUIT QUALITY. The main effect of treatment and the interaction between treatment 
and year did not differ for soluble solids content, pH, and titratable acidity (P = 0.46, P = 
0.57, and P = 0.26, respectively; P = 0.63, P = 0.95, and P = 0.80, respectively). 
Experiment 2 ('Swenson Red') 
FRUIT GROWTH. The combination treatment of cluster thinning + 50% berry 
thinning caused the greatest increase in fresh weight and diameter of berries of 'Swenson 
Red' in 2002 (Table 3). The interaction between year and treatment was significant for berry 
weight (P = 0.01) and berry diameter (P = 0.02). Treatments differed in 2002 for berry 
weight (P = 0.03) and berry diameter (P = 0.04). Berry weight in 2002 ranged from 3.26 to 
3.79 g, with the combination of cluster thinning and 50% berry thinning exhibiting the 
greatest berry weight and the control exhibiting the least berry weight. Berry diameter in 
2002 ranged from 1.71to1.83 cm, with the combination of cluster thinning and 50% berry 
thinning exhibiting the greatest berry diameter and the control exhibiting the least berry 
diameter. Treatment effects in 2003 were not significant for berry weight (P = 0.09) and 
berry diameter (P = 0.35). Furthermore, single degree-of-freedom linear contrasts from 
questions posed a priori corroborated these results (Table 4). Vines receiving cluster 
thinning treatments had larger berry weights and diameters than vines without cluster 
thinning. 
FRUIT QUALITY. Treatments affected soluble solids content across years (P = 0.04), 
ranging from 19.09 (control) to 20.44 (cluster thinning+ 33% berry thinning) (Table 5). 
However, the main effect of treatment was not significant for pH and titratable acidity (P = 
0.60 and P = 0.61, respectively). In addition, the interaction between year and treatment was 
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not significnt for soluble solids content, pH, and titratable acidity (P = 0.92, P = 0.90, and P 
= 0.72, respectively). 
Survey ('Reliance') 
WHOLE CLUSTERS. Consumers ranked the attractiveness of the whole clusters 
highest when vines received cluster thinning+ application of GA3 and the treatment of 
cluster thinning + berry thinning + application of GA3, these two treatments did not differ 
from each other (Table 6). Differences between the individual treatments of berry thinning 
and application of GA3 were insignificant (P = 0.06). Differences existed for all other two-
way comparisons (P < 0.0001) but these treatments were not favored by consumers in the 
survey. 
BERRIES. Consumers ranked the attractiveness of the berries on vines receiving 
cluster thinning, cluster thinning + application of GA3, and cluster thinning + berry thinning 
+ application of GA3, these ratings did not differ from each other (Table 6). No differences 
existed between comparisons of the treatments cluster thinning + application of GA3 and 
cluster thinning (P = 0.36) or berry thinning and application of GA3 (P = 0.06). However, 
differences existed for all other two-way comparisons (P < 0.0001). 
Discussion 
Berry weight and berry diameter of 'Reliance' grapes were greatest on vines 
receiving cluster thinning, berry thinning, and application of gibberellic acid. In addition, 
'Swenson Red' grapes exhibited the greatest berry weight and berry diameter when cluster 
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thinning and berry thinning treatments were applied. However, treatments did not differ for 
both cultivars for fruit quality, measured by soluble solids content, pH, and titratable acidity. 
The high soluble solids content of the fruit indicated it was evenly matured. Consumers 
favored the cluster and berry appearance of grapes subjected to the following treatments: 
cluster thinning, cluster thinning + GA3, and cluster thinning+ berry thinning+ GA3. The 
preference towards these grapes indicated consumers might purchase more grapes of this size 
and arrangement. 
Improvements in berry weight over the control with cluster thinning of 'Reliance' 
were consistent with other findings in interspecific hybrid grapes (Looney, 1981; Fisher et 
al., 1977; Looney and Wood, 1977). Because thinning reduces the crop load of the vine 
without reducing its photosynthetic capacity (Winkler et al., 1974), we believe the larger 
berries were a result of a greater number of leaves providing photosynthates to fewer 
developing clusters in the treatments receiving cluster thinning. Results from other studies of 
interspecific hybrids were similar (Kaps and Cahoon, 1989; Reynolds et al., 1986; Fisher et 
al., 1977). 
Our results corroborated previous findings of cluster thinning having negligible 
effects on berry chemistry parameters. Soluble solids content, pH, and titratable acidity were 
not affected by cluster thinning of our 'Reliance' grapes. Likewise, Fitzgerald and Patterson 
(1994) reported no effects of cluster thinning for soluble solids content and pH, and Gao and 
Cahoon (1998) reported no effects for pH on 'Reliance' grape, relative to the control. 
Nevertheless, Gao and Cahoon (1998) reported increased soluble solids content and 
decreased titratable acidity of 'Reliance' grape due to cluster thinning treatments. Potential 
sources of variation among these studies include age and vigor of the vines, heterogeneity of 
29 
the soils, and differences in climate. Given these variable results, we suggest further testing 
across multiple years with increased sample size for testing cluster thinning effects on 
'Reliance'. 
In 2003, treatments of GA3 applied alone, and in combination with cluster thinning 
and berry thinning, increased berry weight over the control, while only those combination 
treatments including GA3 increased berry diameter over the control. In 2002 we attribute 
lack of effects of GA3 treatments applied alone, and in combination with cluster thinning and 
berry thinning to raccoons eating our grapes after penetrating our electric fence and bird 
netting. Tre&tment effects for berry size similar to those exhibited in our 2003 study were 
reported elsewhere. For example, application of GA3 to 'Vanessa' (Zabadal and Dittmer, 
2000a; 2000b), and 'Orlando Seedless' (Halbrooks and Mortensen, 1988; 1987) resulted in 
larger berries. Zabadal and Dittmer (2000a; 2000b) tested 'Vanessa' and reported a single 
application of 50 mg-L- 1 GA3 when berry diameter was 5 mm was most effective for 
increased berry weight, with berry weight of 1.63, 1.93, 1.80, and 1.77 g at berry diameter of 
3, 5, 7, and 9 mm, respectively. 
Application of GA3 alone, and in combination with cluster thinning and berry 
thinning, was not significant for berry chemistry parameters of our 'Reliance' grapes. 
Soluble solids content, pH, and titratable acidity of our grapes were not affected by GA3 
treatments. Similar results were reported for other cultivars. Application of gibberellic acid 
had no effect for soluble solids content of 'de Chaunac'(Wood and Looney, 1977) and 
'Hirnrod'(Looney, 1975), pH of 'de Chaunac' (Wood and Looney, 1977), and titratable 
acidity of 'Vanessa' (Zabadal and Dittmer, 2000a) and 'de Chaunac' (Wood and Looney, 
1977). In contrast, Zabadal and Dittmer (2000a) reported greater soluble solidss and pH with 
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increased GA3 application from 0 to 50 mg-L-1 (19.01 to 19.46% and 3.36 to 3.44, 
respectively). Our corroboration of the majority of reported literature is biologically sound 
because application of GA3 primarily is used for sizing of grapes during growth and 
development, not for alteration of berry chemistry parameters. 
Our seeded table grape cultivar, Swenson Red, exhibited increased berry weight and 
berry diameter with treatments of cluster thinning and berry thinning. Gibberellic acid was 
not applied to 'Swenson Red' for additional berry sizing due to endogenous GA production 
by the seeds. There is a lack of reported literature dealing with cluster thinning treatments on 
seeded table grape cultivars. However, our results corroborated those of previous studies of 
wine grape cultivars for berry size and berry chemistry parameters. Fisher et al. (1977), 
Reynolds (1989), and Morris et al. (1987) reported greater berry weight and soluble solids 
content of 'de Chaunac' with cluster thinning. Additionally, cluster thinning of 'Seyval 
blanc' resulted in greater berry weight and soluble solids content (Morris et al., 1987; 
Reynolds et al., 1986). Late spring frosts damaged the vines so the blocks were restructured 
in 2003 from the blocks assigned in 2002. Because of this change all results are for 
individual years only. 
Responses from consumers interested in locally grown table grapes indicated a 
preference for traditional cluster shape and larger berries. The consumers preferred all the 
grape clusters that received cluster thinning alone or in combination gibberellic acid. 
Therefore, the results of the survey supported recommendations to growers that an additional 
investment in labor for cluster thinning and gibberellic application may be worth the 
improvement in cluster shape and berry size. The clusters and berries resulting from these 
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treatments should gain customer acceptance, resulting in greater consumer satisfaction and 
marketability of the fruit. 
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Table 1. Fresh weight and diameter of berries of 'Reliance' grape in Ames, Iowa, 
during 2002 and 2003 after cluster thinning, berry thinning, application of 
gibberellic acid (GA3), and combinations thereof. Values are means of 40 berries 
for each treatment. 
Berry weight (g) Berry diameter (cm) 
Year Year 
Treatment 2002 2003 2002 
Cluster thin l.95 2.78 l.44 
Berry thin 2.65 2.84 1.57 
GA3' 2.31 2.85 1.49 
Cluster thin + berry thin 2.30 2.49 1.49 
Cluster thin + GA3 l.32 2.94 l.29 
Berry thin + GA3 2.23 3.27 1.37 
Cluster thin + berry thin + GA3 2.13 3.73 1.47 
ControlY 2.70 2.75 l.56 
LSDX NS 0.56 NS 
z GA application was a single spray of 50 mg-L·' GA3 when berry diameter was 4 to 5 mm. 
Y The control represents no horticultural or chemical treatment. 
xFisher's protected least significant difference at a= 0.05. 
2003 
1.56 
1.67 
1.63 
1.54 
l.68 
1.66 
1.75 
l.65 
0.09 
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Table 2. Probability values from single degree-of-freedom linear contrasts posed a priori 
of fresh weight and diameter of berries in an experiment testing 'Reliance' grape in Ames, 
Iowa, during 2003 after cluster thinning, berry thinning, application of gibberellic acid 
(GA3), and combinations thereof. 
Contrast 
GA3z versus all non-GA3 treatments combined 
Cluster thin + berry thin + GA3 versus all other treatments combined 
Cluster thin + berry thin + GA3 versus controlY 
Berry weight 
(g) 
P-value 
0.0016 
0.0003 
0.0015 
z GA application was a single spray of 50 mg-L" 1 GA3 when berry diameter was 4 to 5 mm. 
Y The control represents no horticultural or chemical treatment. 
Berry diameter 
(cm) 
P-value 
0.0025 
0.0017 
0.0312 
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Table 3. Fresh weight and diameter of berries of 'Swenson Red' grape in Ames, 
Iowa, during 2002 and 2003 after cluster thinning, berry thinning, and 
combinations thereof. Values are means of 40 berries for each treatment. 
Treatment 
Cluster thinz 
33% berry thinY 
50% berry thin 
Cluster thin + 33% berry thin 
Cluster thin+ 50% berry thin 
Controf 
z Cluster thinning was done before bloom. 
Y Berry thinning was done after bloom. 
Berry weight (g) 
Year 
2002 2003 
3.72 3.05 
3.78 3.24 
3.54 3.52 
3.70 3.73 
3.79 3.55 
3.26 3.60 
0.33 NS 
x The control represents no horticultural or chemical treatment. 
w Fisher's protected least significant difference at a = 0.05. 
Berry diameter (cm) 
Year 
2002 2003 
1.80 1.71 
1.80 1.71 
1.78 1.76 
1.78 1.77 
l.83 1.73 
1.70 1.77 
0.07 NS 
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Table 4. Probability values from single degree-of-freedom linear contrasts posed a 
priori of fresh weight and diameter of berries in an experiment testing 'Swenson 
Red' grape in Ames, Iowa, during 2002 after cluster thinning, berry thinning, and 
combinations thereof. 
Contrast 
Cluster thinz versus all non-cluster thin treatments combined 
Berry thinY versus all non-berry thin treatments combined 
Cluster thin + 50% berry thin versus controlx 
z Cluster thinning was done before bloom. 
Y Berry thinning was done after bloom. 
x The control represents no horticultural or chemical treatment. 
Berry weight 
(g) 
?-value 
0.0318 
0.0377 
0.0035 
Berry diameter 
(cm) 
?-value 
0.0482 
0.0439 
0.0017 
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Table 5. Soluble solids content of berries of 'Swenson Red' 
grape in Ames, Iowa, across 2002 and 2003 after cluster 
thinning, berry thinning, and combinations thereof. Values 
are means of 80 berries for each treatment. 
Treatment 
Cluster thin' 
33% berry thinY 
50% berry thin 
Cluster thin+ 33% berry thin 
Cluster thin+ 50% berry thin 
Controlx 
z Cluster thinning was done before bloom. 
Y Berry thinning was done after bloom. 
Soluble solids content(%) 
20.26 
20.36 
20.07 
20.44 
20.21 
19.09 
0.88 
x The control represents no horticultural or chemical treatment. 
w Fisher's protected least significant difference at a= 0.05. 
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Table 6. Consumer preferences for the appearance of whole clusters (above diagonal) 
and berries (below diagonal) of 'Reliance' grape grown in Ames, Iowa, during 2003 after 
cluster thinning (CT), berry thinning (BT), application of gibberellic acid (GA3), and 
combinations thereof. There were 168 people surveyed at Ames Farmers' Market and 
community supported agriculture. Probability values were determined using the Kruskal-
Wallis Test, with a Bonferroni adjustment (a') of {a I [ k ( k- 1) I 2] } = 0.0033, where 
a= 0.05 and k = 6. Significant comparisons are in bold, with the consumer-preferred 
treatment in parentheses. 
Treatment CT BT GA CT+GA CT+BT+GA Control 
CT <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
(CT) (CT) (CT+ GA) (CT+BT+GA) (CT) 
BT <0.0001 0.0552 <0.0001 <0.0001 <0.0001 
(CT) NS (CT+ GA) (CT+ BT+GA) (BT) 
GAZ <0.0001 0.0552 <0.0001 <0.0001 <0.0001 
(CT) NS (CT+ GA) (CT+ BT+GA) (GA) 
CT+GA 0.3626 <0.0001 <0.0001 0.0040 <0.0001 
NS (CT+ GA) (CT+ GA) NS (CT+GA) 
CT+ BT+ GA 0.2244 <0.0001 <0.0001 0.6297 <0.0001 
NS (CT+ BT+GA) (CT+ BT+GA) NS (CT+BT+GA) 
ControF <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
(CT) (13T) (GA) (CT+ GA) (CT+BT+GA) 
z Gibberellic acid application was a single spray of 50 mg-L·1 GA3 when beITy diameter was 4 to 5 mm. 
Y The control represents no horticultural or chemical treatment. 
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CHAPTER 3. GENERAL CONCLUSIONS 
General Discussion 
The grape industry of Iowa is re-establishing itself and has grown over the last five 
years. Both new and experienced growers are planning to plant or have already planted 
grapes in all areas of the state. Some growers are interested in establishing table grapes and, 
to be successful, they need correct and timely information about proper practices. A special 
concern of table grape growers is that the grape clusters meet market-quality standards. 
Appearance is the primary factor associated with consumers purchasing fruit crops, and, thus, 
using correct horticultural practices for fresh table grape production is critical. The goal of 
this project was to identify the effects of the horticultural practices of cluster thinning, berry 
thinning and application of gibberellic acid alone, and in combination, on berry size, fruit 
quality, and cluster appearance of 'Reliance' and 'Swenson Red' grapes. Additionally, 
consumers responded to a survey that asked them to rank cluster and berry attractiveness of 
'Reliance' grape. 
Balanced pruning of grapes has been well-studied and is an effective means of crop 
control for V. vinifera and American grape species such as V. labrusca, V. ripari, V. 
rotundifolia, V. rubra, and V. rupestris. lnterspecific hybrids are grapes that are produced 
from crossing Vitis species with one or more of the American genotypes. Both 'Reliance' 
and 'Swenson Red' are hybrid grapes. A problem of concern for growers is that hybrids are 
not always properly adjusted for crop control with pruning alone. Lack of ability to control 
the crop load is attributed to the presence of several clusters per shoot, as well as dormant 
base buds that are not counted in balanced pruning. Therefore, the need to understand the 
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practices of cluster thinning and berry thinning are important concepts for growers to be able 
to adjust crop level and maintain a healthy vineyard. 
The size of 'Reliance' grapes was increased with cluster thinning, berry thinning, and 
gibberellic acid application. The fruit quality, measured by soluble solids content, pH, and 
titratable acidity, did not respond to the treatments. The increase in size was due to the 
increased number of leaves (source) and decreased number of clusters or reduced cluster size 
(sink). The greater source: sink ratio made it possible for the remaining clusters to mature the 
fruit and increase the berry weight and diameter on the clusters. For growers interested in 
organic or reduced input operations, this is a method to size berries that would be suitable to 
their philosophy. The treatments receiving GA3 also were beneficial for berry enlargement. 
The application of GA is faster and less expensive than hours of labor required to hand thin 
the vines. GA3 must be applied post bloom to facilitate berry sizing. If GA3 is applied 
before bloom, the grapes may be chemically thinned by the hormone application. The 
'Reliance' harvest of 2002 was, unfortunately, decreased because of the impact of raccoon 
feeding in the vineyard. The raccoons seemed to feed preferentially on the grapes that 
received the GA3 application, which might be attributed to earlier maturation of the fruit. 
Our seeded table grape cultivar, Swenson Red, also had an increase in berry weight 
and berry diameter with treatments of cluster thinning and berry thinning. Gibberellic acid 
was not applied to the grapes because of endogenous levels of gibberellin produced by the 
seeds. In addition, the treatments affected the soluble solids content of the berries in both 
years. The 2003 harvest of 'Swenson Red' was variable due to a late freeze and damage to 
the buds of many vines. Therefore, the blocking of the treatment vines was changed, and in 
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2003 the experiment involved vines that were not in the 2002 study. It is, therefore, 
impossible to make conclusions across years. 
The consumer survey is a strong indication that the grapes resulting from these 
treatments are favored over the control for attractiveness. Because most people purchase 
fruit by visual inspection, the improvement in attractiveness would be beneficial to the 
growers. The clusters and berries resulting from these treatments will win customer 
acceptance and result in greater consumer satisfaction and marketability of the fruit. The 
increase in customer satisfaction would be worth the additional costs of labor and time to 
apply these treatments to the grapes. 
Recommendations for Future Research 
Future research should investigate the treatments of cluster thinning and gibberellic 
acid on table grape cultivars in Iowa over several growing seasons with increased sample 
size. The long-term results of these treatments on overall vine health and productivity would 
be useful to growers. 
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